ABSTrACT -The leafminer Liriomyza huidobrensis Blanchard is considered a key pest for potatoes in Argentina. Population dynamics and leaf damage caused by the leafminer on seven selected potato processing varieties were assessed at Balcarce during the 2002 and 2003 growing seasons. Adult population dynamic was monitored using yellow sticky traps, while leaf damage (punctures and mines) was assessed using a damage index scale from low to severe. Liriomyza huidobrensis adults were present throughout the growing season and the population increased along crop development. The same was true for all varieties regarding larval damage, being low on early crop stages and severe late in the season. Varieties were grouped in two different categories according to damage scale index. Shepody, Kennebec, Frital and Innovator showed a higher damage index when compared with Santana, ranger russet and russet Burbank, which exhibited a lower damage. Moreover, it could be assumed that damage was related to the foliage greenness, with light green colored varieties (Shepody, Kennebec, Frital and Innovator) being more attractive and affected by L. huidobrensis.
Leafminers belonging to the genus Liriomyza are considered pests in many crops due to their damage to the leaves (robert 1999) . Liriomyza includes ca. 300 species distributed worldwide, with 23 of them being considered economically important (Parrella 1987 , Kang et al 2009 . The leafminer fly Liriomyza huidobrensis Blanchard, originally from the neotropics, was reported in Mexico, and Central and South America, but has rapidly disseminated to other countries in Europe, Africa and Asia (Mujica & Cisneros 2001 , Larrain 2003 . During the last 20 years, the leafminer fly has been considered a key pest in Peru, Bolivia, Brasil, Chile and Argentina. It is a polyphagous insect, affecting many host plants including horticultural crops and all associated weeds (Mujica & Cisneros 2001) . Adult females damage the host mesophyll cells host due to ovipositor probing. After egg hatching, the eclosing larva also damage the leaf by mining the mesophyll and causing tissue death.
In Argentina L. huidobrensis has caused serious damage to beans, pea, celery, lettuce, pepper, spinach and tomato in the provinces of Jujuy, Córdoba, Entre rios and Buenos Aires. Potatoes have been heavily damaged especially in the Southeast of Buenos Aires province, where 20-25,000 ha are annually grown (Caldiz 2006) . In this region, L. huidobrensis was first detected during the 1980´s, damaging potatoes mainly during tuber bulking. It is highly likely that leafminer outbreaks since then were caused by an overuse of insecticides, which negatively impacted leafminer´s natural enemies (Vincini & Carmona 2006) . Due to the associated damage and economical losses reported, the pest changed from being a potential to a key pest on potato (Vincini & Carmona 2006) .
Despite the importance of leafminer in potato production, there is no local information available regarding its population dynamics and damage on potato varieties. of special importance are the processing varieties, which occupy close to 50% of the growing area in the Southeast region. Additionally, there is evidence that temporal variations on population dynamics and damage level caused by L. huidobrensis are cultivar-dependent (Mujica & Cisneros 2001) . Therefore, a survey on population dynamics and damage levels in different potato varieties was conducted in order to develop integrated pest management (IPM) practices based on threshold damage levels for different varieties.
Material and Methods
Site of study. Planting was performed in plots of four rows and 5 m length with a 4-row planter on 20th october 2002 in a completely randomized block design with four replications of the following potato processing cultivars: Frital INTA, Kennebec, Shepody and Santana (double purpose) and Innovator, ranger russet and russet Burbank (suitable for processing into French fries). Seed pieces (45 g) were treated with Vitavax (Carboxim+Thiram) + Persist (Mancozeb 42%) in doses of 0.6 kg and 0.5 l ton -1 of seed, respectively. The trial was irrigated with a Valley forward advance sprinkler system based on soil moisture assessed by watermark sensors.
Pests and diseases were managed as normally done in the area. Insecticides were applied 12 times during crop growth based on calendar application. Ten applications were done to control insects affecting the foliage and L. huidobrensis adults and two were especifically targeted to control the leafminer larvae (Table 1) .
Adult population dynamics. yellow sticky traps (20 x 20 cm) were designed based on Chávez & raman (1987) huidobrensis was conducted using a yellow plastic square of similar size of the sticky traps, divided in 12 observation fields of 6.25 x 6.66 cm, and the insects were counted in each field. All insects were separated using an entomological pin and were set in a petri dish 80% ethanol to remove the excess of the sticky material. The identification L. huidobrensis was carried out under a binocular microscope olympus with the aid of a taxonomic key (weintraub 2001). (Valladares et al 1996 , Cambareri 2004 . Leaf damage was ranked as "mines" or "punctures". A damage index was established based on the percentage of the leaf area damaged (Fig 1) , as follows: very low (0-20%), low (20-40%), moderate (40-60%), high (60-80%) and severe (80-100 %). Leaflets were observed on an illuminated viewfinder (60 x 50 x 20 cm high), with a glass surface and 6x 15 w oSrAM bulbs.
Data analyses.
For each variety, damage was described as the mean average damage between the three crop layers. Damage was categorized as the percentage of leaf area affected by "punctures" and "mines" in each crop layer and is described in relation to sampling date and crop development status. Differences on damage scale between varieties were assessed by using the Kruskal-wallis test at each sampling date. once differences were detected, those with similar damage indices were grouped. Then, the association between varieties and damage was determined by using Pearson´s and Spearman´s correlation coefficients. Analyses were performed using computing r environment (r Development Core Team, 2004) . ). within this period, population density steadily increased from the 4 th week of January, which coincided with the flowering period. Our data showed a clear association between L. huidobrensis seasonal population dynamics and crop development. Population densities slowly increased during early crop growing stages, but had a stead increased from flowering onwards. Several authors found that inmigrant adults initiate infestations in small potato plants (Chavez 1985 , Mujica et al 2000 , Mujica & Cisneros 2001 , and as the plant developed, the number of adults increased about one week before flowering and decreased during the initiation of plant senescence (Vincini & Carmona 2006) . Damage. Increased as the crop developed for all varieties (Fig 2) , and for all three canopy layers tested (Figs 3, 4) . The highest damage was recorded in the lower layer early in the season and by mid-crop development, mainly due to oviposition punctures caused by colonizing females. In all varieties, the damage pattern was initially low, and increased with crop development. As the crop produced more leaves, there are more opportunities for adults to land and for larvae to develop; as a consequence the population increased. observed a higher damage index in the lower crop layer and a lower damage in the intermediate and upper crop layers during early crop development. This damage pattern could be related to an egg extrusion phenomenon related to leaf aging. Egg extrusion is a hypersensitive reaction that comprehends hypertrophic cell growth leading to egg ejection and consequent exposure to the environment and natural enemies. Extrusion is high in young leaves and low in old ones. Nearly 90% of the eggs inserted in actively growing leaves do not reach the embryonic stage nor hatch due to this phenomonon. However, when eggs are laid in a mature leaf, the extrusion is virtually inexistent and once the eggs are hatched, the Table 2 Pearson correlation coefficients between sampling dates related to damage scale (upper part), and significance values (lower part). larvae start to mine the mesophyll , Facknath 2005 . Similar results were found by Videla & Valladares (2007) in Argentina, in young potato plants of the variety Spunta.
Results and Discussion
By 70-80 DAP a moderate damage (40-60%) was observed in the intermediate layer of Frital, Innovator, Shepody and Kennebec. Fifteen days later (85-95 DAP) a similar damage index was assessed in Santana, russet Burbank and ranger russet. A severe damage (80-100%) was observed a few days later in all varieties, being Shepody, Kennebec, Frital and Innovator in the top limit of the range (100%), while Santana, ranger russet, and russet Burbank were on the lower limit (80%) (Fig 2) . The differences found between varieties could be associated to the long growing cycle in russet Burbank, continuous leaf production in Santana, and the darker green color of ranger russet foliage, which is less attractive to the leafminer fly. Glandular thrichomes and the length of the growing period of each variety were also reported to be associated with the damage caused by L. huidobrensis . Varieties with a longer cycle had lower leaf damage than those with a short cycle, probably due to their ability to recover from leaf damage.
Significant differences in damage indices were found between varieties from January 14 th and onward. Based on these differences, varieties were grouped by Pearson and Spearman's correlation coefficients (Tables 2 and 3) .
Damage in each crop layer was also variety-dependent. Shepody and Kennebec showed low damage (20-40%) in the lower layer from December 26 th and onwards, while Innovator and Frital showed the same type of damage a few days later (January 2 nd ). However, within the same damage range, the latter were close to the highest value (40% ; Fig 3) . In Shepody, the lower layers showed low damage (20-40%) during the first week of January, but increased to moderate (60%) by the end of the 2 nd week. The intermediate crop layer showed very low damage by January 2 nd , but rapidly increased to moderate by January 14 th . The upper layer always showed very low damage (Fig 3) . That period (December 26 th -January 14 th ) was coincident to seedling stage and the beginning of flowering crop. According to Cisneros (1992) , the crop can support a higher defoliation in this period (50-100%) without suffering high yield losses. Braun & Shepard (1997) showed that the potato plant can support defoliation up to 60%, if it happens in the first 45 days after planting.
During the five following weeks (January 21 th -February 18 th ) moderate to severe damage (60-90%); moderate (50%) to severe damage (90%) and low to high damage (35-70%) were observed for the lower, intermediate and upper crop layers, respectively. In this period (tuber bulking), damage was more severe due to the higher photosynthesis demand from the growing tubers (Cisneros 1992 , Caldiz 2006 . In the present study, during the tuber bulking period, damage was moderate and probably contributed to reduce tuber growth and yield (Fig 4) . A study is in progress in order to establish a possible correlation between adult population density, damage degree and yield reduction, to be incorporated in a L. huidobrensis management program on potato crop.
During the last two2 weeks of crop development (tuber maturity period), high to severe damage was observed through all plant layers (70-90%, Fig 3) . In this period, the importance of the leaves related to the yield diminish, as their losses did not have an effect on the yield (Cisneros 1992) Pearson´s (Table 2) and Spearman´s (Table 3) coefficients showed the highest correlation value between dates for the variety Shepody. This variety also showed the highest damage index, followed by Innovator, while Kennebec and Frital showed the lowest ones (Fig 2) , representing the group of the four varieties that showed higher damage severity.
Santana, russet Burbank and ranger russet showed a pattern of temporal damage similar to the most damaged varieties group, but damage index never exceeded 60% (average for the whole crop) (Fig 2) .
The high correlation values between damage indices and varieties (Table 4) showed an increased damage as the crop developed, with damage increasing from the beginning to the final period of potato crop development.
we conclude that Liriomyza huidobrensis is present during the whole development cycle of the seven potato varieties most utilized in the south east of Buenos Aires Province. There were clearly two different groups of varieties related to the different severity damage indices. Future research must focus on the incidence of the different damage indices on the potato crop yield. Table 3 Spearman correlation coefficients between sampling dates related to damage degree.
